In the realm of nanomaterials based direct electro-oxidation of glucose, Ni and Cu based materials have shown better catalytic effect due to the redox couples mediated by Ni(OH) 2 /NiOOH [258] and Cu(OH) 2 /CuOOH [259]. CuO, being a p-type semiconductor, shows excellent electrochemical activity which led to its immense use in the development of gas [260] and glucose sensors [68,71,74,79,81,82]. The mechanism of oxidation of glucose on Cu and CuO modified electrodes does not simply produce gluconic acid instead it involves the complete cleavage of C-C bonds. This results in greater sensitivity
of the non-enzymatic sensors based on CuO [86] . Sensitivity of an electrochemical sensor is directly related to the surface area and hence a great amount of effort has been directed to increase the surface area of the sensor electrode. Metal nanoparticles electrodeposited TiO 2 nanotube arrays have been widely used for sensing of biomolecules. Considering the excellent electrocatalytic activity of CuO towards glucose oxidation and the large surface area of the vertically aligned TiO 2 nanotube arrays, this study aims at integrating these two materials to obtain a glucose sensor exhibiting superior characteristics. TiO 2 nanotube arrays were prepared by electrochemical anodization in a fluoride containing electrolyte. Cu mesoclusters were electrodeposited on the TiO 2 nanotube arrays and oxidized to CuO mesoclusters. The sensor electrode was characterized morphologically and electrochemically and tested with glucose and other commonly interfering molecules.
Results obtained with the sensor electrode for blood samples are comparable with that of the commercially available sensor strips.
Experimental

Synthesis of TiO 2 nanotube arrays
Prior to anodization, the titanium foil was cut into small strips and was washed sequentially with Millipore water, ethyl alcohol, and acetone and then dried in nitrogen atmosphere. Teflon tape was used to mask Ti strip selectively to expose an area of 0.09 cm 2 . Titanium was potentiostatically anodized in an electrolyte of glycerol and water 
Fabrication of sensor electrodes
The electrodeposition of Cu on TiO 2 electrode was carried out at a constant potential of -0.8 V from a solution containing 50 mmol L -1 copper sulphate and 0.1 mol L -1 lithium perchlorate. This experiment was carried out for different time durations (10,20,30,40,50 and 60 s) to optimize the amount of copper on the electrode for best response. The deposited Cu was electrochemically oxidized to CuO by applying a constant potential of 0.8 V in a stirred solution of 0.1 mol L -1 NaOH for 60 s. It is denoted as CuO/TiO 2 . In the similar fashion, CuO was obtained on bare titanium electrode (CuO/Ti) and glassy carbon electrode (CuO/GC) and used for comparision.
Electrochemical experiments
All electrochemical reactions were performed in 0.1 mol L -1 NaOH. Electrooxidation of glucose was studied using linear sweep voltammetry (LSV) at a potential window of 0 to 0.9 V with a scan rate of 100 mV s -1 . Amperometric detection of glucose was carried out at a constant potential by injecting different concentrations of glucose into a constantly stirred solution of 0.1 mol L -1 NaOH. The effect of interfering species was studied by injecting ascorbic acid (AA), uric acid (UA), dopamine (DA) and sugars (galactose and lactose) for their possible interference under similar experimental conditions.
Real sample analysis
Blood sample was collected from three volunteers and centrifuged with a force of NaOH. The additions were carried out at a time interval of 50 seconds. Each volunteer sample was tested for four times on the CuO/TiO 2 electrode.
Result and Discussion
Surface characterization
The SEM image of the anodized titanium foil ( Here equations 1 and 2 lead to the formation of oxide layer and 3 leads to the dissolution of the oxide layer. (Table 3 .1).
Electrocatalytic oxidation of glucose on CuO/TiO 2
The electrocatalytic oxidation of glucose was carried out on CuO/GC, CuO/Ti and CuO/TiO 2 electrodes and results were compared. From 
Amperometric detection of glucose
The steady state response current on the modified electrode at various potentials was studied (results not shown). It was found that the response current for unit concentration of glucose is maximum at +0.75 V compared to the other applied potentials. The electrode showed a rapid response to glucose with a detection time of less than 2 s. Hence all amperometric studies were carried out at +0.75 V. 
Reproducibility and storage stability
The CuO/TiO 2 electrode was tested for its repeatability and reproducibility by was tested once in every three days for a period of one month. The decrease in current response was found to be less than 4%. These studies clearly indicate that the sensor has very good reproducibility and storage stability.
Effect of interfering species
Biomolecules like ascorbic acid, uric acid and dopamine are present in blood at very low concentrations and are found to interfere with the detection of glucose as these are oxidized at a relatively lower potential than glucose. Sugars such as galactose and lactose, though present in low concentrations, are known to interfere with detection of glucose. Hence, to ascertain the selectivity of the developed sensor, it is important to test the interference of these biomolecules along with glucose at physiological concentrations.
For this purpose response current was measured at +0. sensor towards 5 mmol L -1 glucose was considered as 100% and the response of interfering biomolecules was calculated accordingly. Interference from uric acid and lactose was found to be very negligible whereas dopamine and ascorbic acid exhibited interference of 2.06% and 2.13% while galactose, showed an interference of 3.55%.
From this it is clear that the CuO modified TiO 2 nanotube array electrode is highly selective and sensitive towards glucose under physiological concentrations of interfering molecules. 
Real sample analysis
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To validate the reliability of the developed CuO/TiO 2 sensor toward physiological samples, amperometric measurements were carried out at +0.75V for three serum samples (each sample was tested four times). The results obtained were compared with those obtained from commercially available glucose strips (OneTouch SelectSimple) and was found to be highly comparable (Table 3. 3). Moreover from Table 2 it is observed that the RSD values fall well within the 3 to 10% exhibited by commercially available disposable glucose sensors with a high recovery rate [268] .
Conclusion
The development of a highly sensitive and selective non-enzymatic glucose sensor based on CuO mesocluster modified TiO 2 nanotube array was successfully carried out. The electrode showed an excellent sensitivity of 1836 and 1416 µA mmol -1 L cm -2 for glucose concentrations ranging from 6.25 mol L -1 to 6.25 mmol L -1 and 6.87 to 12.5 mmol L -1 respectively. The sensor exhibited good storage stability and reproducibility.
Physiological concentrations of commonly interfering molecules had negligible effect on glucose detection. Testing of glucose concentration in blood serum was successfully carried out and was found to be in good agreement with the commercially available glucose sensor strips.
